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Calix [l] arenes' are building blocks constructed from phenols and formaldehyde like cyclodextrins are built from glucose units. An important method to discriminate between the sugar units of cyclodextrins is to use capping reagents of different size.2 Depending on the shape of the bridge, selective A,C or A,D capping can be accomplished. In calixarene chemistry only a limited number of bridged calix [4] arenes are known. Two examples exist of calix- [4] arenes with a bridge at the upper rim.a4 At the lower rim p-tert-butylcalix[4]arene has been bridged with a poly(oxyethy1ene) chain (calix crowns),5p6 with a terphenyl unit (calix spherands)! and with a ferrocene unit. ' Our objective was to cap p-tert-butylcalix[4]arene (1) at the lower rim with bridges of different shape and rigidity to be able to discriminate between the different phenolic hydroxyl groups and to fix the calix [4] arene in a rigid cone conformation. Such a discrimination is a prerequisite for the potential use of calix [4] arenes as building blocks for larger synthetic (receptor) systems.
Results and Discussion
CPK models suggested that benzophenone-3,3'-disulfonyl dichloride (2a), which is used in cyclodextrin chemistry for selective A,C capping, should also be a suitable bridging reagent for calix [l] Reaction (KOtBu/THF) of 1 with 0-phthaloyl dichloride (2f) gave a singly intrabridged calixarene 3f as the only product in 30% yield, in which two adjacent phenol rings are connected (Chart I). In this case, the distance between the reactive centers is too short to form a diametrically intrabridged compound. The 'H NMR spectrum of 3f
shows two singlets for the tert-butyl groups and three AB systems in a ratio of 1:1:2 for the methylene bridge protons.
To the best of our knowledge, this is the first example of a proximally intrabridged ~alix[4]arene.~ When 1 was reacted with 2 equiv of 2f, with CsF as a base in refluxing acetonitrile, the doubly intrabridged calix[4]arene 5 was isolated from the reaction mixture in 18% yield in addition to 27% of 3f and 22% of recovered 1. Compound 5 exista in a rigid cone conformation according to the two AB systems for the methylene bridge protons and the singlet for the tert-butyl groups in the ' H NMR spectrum.
Finally, the very flexible and reactive sebacoyl chloride After being stirred for 30 min at room temperature, a solution of compounds 2a-d,f (1.08 mmol) in T H F (50 mL; 70 mL in the case of 2d due to the low solubility) was added dropwise to the reaction mixture. The addition times and reaction temperatures are given in Table I . After addition of a concentrated NH&l solution (15 mL, not in the case of 2f), most of the T H F was removed under reduced pressure. CHzCl2 (150 mL) was added to the residue whereupon the organic layer was washed with brine (2 x 75 mL). After removal of the solvent under reduced pressure, the residue was separated by flash chromatographylB [silica gel, CH2Cl~petroleum ether = 4 1 (3a,b, 4a,b), CHzClz:petroleum ether = 21 (3c), CHZCl2:petroleum ether = 1:2 (3d), CHC13:Eh0 = 99.1 (3f) J to afford pure compounds that could not be recrystallized from the usual organic solvents. In the cases of the compounds 3c and 3d an additional purification was performed by fractional precipitation from CHzClz/EhO and CH2Cl2/MeOH, respectively. The yields, melting pointa, and spectral data are summarized in Tables I and 11 .
Notes
Method B. To a suspension of p-tert-butylcalix[4]arene toluene complex (1) (1.0 g, 1.36 mmol) in CH3CN (300 mL) was added KzCO3 (0.38 g, 2.74 mmol). In the case of 2e, a small amount of KI was added also. After being stirred for 30 min at reflux temperature (Be) or at room temperature (2g), a solution of the bridging reagent 2e,g in CH3CN (100 mL) was added dropwise to the reaction mixture. The addition times and reaction temperatures are given in Table 1 . In the case of 2e the reaction mixture was refluxed for additional 16 h. After removal of the CH3CN under reduced pressure, CH2ClZ (150 mL) was added to the residue whereupon the organic layer was washed with brine (2 X 75 mL). After removal of the solvent under reduced pressure, the residue was purified by flash chromatography16 [silica gel, CHzClz (3e), CHC13:petroleum ether = 3:l (3g)l to give pure compounds, which in the case of 3e could not be recrystallized from the usual organic solvents. The yields, melting points, and spectral data are summarized in Tables I and 11 .
Method C. To a suspension of p-tert-butylcalix[4]arene (1) (0.65 g, 1.0 mmol) in CH3CN (250 mL) was added CsF (0.61 g, 4.0 mmol). After the mixture was stirred for 30 min, a solution of compound 2f (1.08 mmol) in THF (50 mL) was added dropwise to the refluxing reaction mixture in 24 h. After removal of the solvent under reduced pressure, CHzClz (150 mL) was added to the residue whereupon the organic layer was washed with brine (2 X 75 mL). After removal of the solvent under reduced pressure, the residue was separated by flash chromatography16 [silica gel, CH2ClZ:Et20 = 5011. The yields, melting points, and spectral data are summarized in Tables I and 11 .
X-ray Crystallography of Compound 3g. The crystal structure of compound 3g was determined by X-ray diffraction. The final R factors were R = 8.0% and R, = 9.1 % . AU calculations were done with SDP."
In the crystal structure some disorder was found in the aliphatic chain, as evidenced by the high values of the thermal parameters in this part of the molecule. In order to keep the number of parameters small, thermal parameters were refined isotropically for C and 0 atoms, with the exception of the C atoms of the aliphatic bridge and the terminal C atoms of the tert-butyl groups, which were refined anisotropically. H atoms were added in their calculated positions and treated as riding atoms in the refinement. No hydrogens were added to the aliphatic chain carbon atoms, because of the disorder found. The phenolic H atoms could not be located from a difference Fourier synthesis and have not been included in the refinements.
